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Introduction {#sec001}
============

Self-control is usually framed as the ability to control one's behaviour and its failures are seen as an important factor in individual and societal problems \[[@pone.0157009.ref001]\]. In the last two decades, the strength model of self-control has been a prominent theory to explain the limits of self-control \[[@pone.0157009.ref002]\]. According to this model, overriding a dominant response draws on a limited self-regulatory resource. In this state called *ego depletion*, people are not able to spend further self-regulatory resources, resulting in subsequent reduced self-control. One common experimental setup to study ego depletion is a dual-task procedure where controls perform a first task, which does not require self-control and, hence, does not deplete the limited resource. Participants in the experimental condition perform a self-control task as a first task. Since the second task requires self-control in both conditions, a decrease in performance in the experimental condition as compared to controls is due to the increased consumption of the limited resource. There is a plethora of evidence for this ego depletion effect: For example, a meta-analysis by Hagger, Wood, Stiff, and Chatzisarantis \[[@pone.0157009.ref003]\] reported a medium-to-large pooled effect size of *d* = .62 for the ego depletion effect.

The mechanisms underlying the ego depletion effect observed in subsequent efforts in self-control are widely debated \[[@pone.0157009.ref003]\]. Ego depletion, for example, does not always occur: Recent research found evidence for moderating factors counteracting ego depletion, such as intrinsic motivation \[[@pone.0157009.ref005]\] or lay theories about self-control \[[@pone.0157009.ref006]\]. To acknowledge this evidence, several alternative accounts have been proposed, in which motivation plays a crucial role: Inzlicht and Schmeichel \[[@pone.0157009.ref007]\] recently presented a reformulated process model where ego depletion results from two interdependent processes: Shifts in motivation and shifts in attention. After initial depletion, people's motivation shifts away from wanting to control themselves to wanting something rewarding for their efforts, leading to less attention to cues signalling further required self-control. Moreover, de Witt Huberts, Evers, and de Ridder \[[@pone.0157009.ref008]\] highlighted the role of justifications in self-control failure, where people employ justifications that permit violating goals they endorse to resolve self-control conflict.

Recently, Carter and McCollough \[[@pone.0157009.ref009];[@pone.0157009.ref010]\] raised concerns that the pooled effect size of *d* = 0.62 found by Hagger and colleagues \[[@pone.0157009.ref003]\] may be inflated by small-study effects such as publication bias. Using two correction methods to account for publication bias, they found an average effect size of *d* = 0.25 and *d* = -0.10, respectively. Subsequently, Carter, Kofler, Forster, McCollough \[[@pone.0157009.ref011]\] conducted a meta-analysis using only laboratory tasks that relate directly to self-control and ego depletion and included non-published effect sizes and found a pooled effect size of *g* = 0.43 that was reduced to zero when accounted for small-study effects. Recently, Hagger and colleagues \[[@pone.0157009.ref012]\] published the results of a large and rigorous multi-lab replication project of ego depletion that only found a non-significant mean effect size of *d* = 0.04, providing further evidence that the ego depletion effect may not be as robust as reported in the last nearly 20 years.

Thus, since assessing self-control failure by comparing the performance between the experimental and control condition may be limited and the ego depletion may not be reliably replicable, alternative ways of of assessing self-control failures in ego depletion research could help clarify how strongly self-control is limited in laboratory research \[[@pone.0157009.ref013]\]. A situation requiring self-control is characterized by incompatible motivations, where doing something desired with positive short-term consequences conflicts with a long-term goal \[[@pone.0157009.ref014]\]. However, ego depletion usually is assessed by a declined performance in the experimental compared to the control condition or to a baseline but only rarely in comparison to a self-set goal. Therefore, the group differences may not reflect a self-control failure, that is a limited capacity to control one's behaviour, but may also reflect a reduced motivation to control one's behaviours. To clarify this question, it is necessary to assess the personal goals of the participants with regard to their performance in the second task directly before the second task. In this modified dual-task procedure, ego depletion could not only be operationalized by the performance difference in the second task between experimental and control task but also whether participants in the experimental condition experience more difficulties to adhere to their goal than participants in the control condition. Moreover, this approach enables testing Inzlicht and Schmeichel's \[[@pone.0157009.ref007]\] assumption that people shift away from wanting to control themselves after initial depletion which should be reflected in participants setting a more lenient goal in the experimental condition compared to controls. Thus, the aim of the present research was to test the different assumptions made by the strength model of self-control and Inzlicht and Schmeichel \[[@pone.0157009.ref007]\] in order to disentangle the processes underlying ego depletion. The strength model of self-control would not predict an effect of an initial act of self-control on control-related goals (but possibly on the adherence to those goals), whereas Inzlicht and Schmeichel's approach \[[@pone.0157009.ref007]\] would assume decreased control-related goal strength in participants with versus without an initial self-control task.

Experiment 1 {#sec002}
============

Method {#sec003}
------

Both Experiment 1 and 2 were approved by the ethics committee of the Landesärztekammer Rheinland Pfalz (State Chamber of Medicine Rhineland-Palatinate; 837.069.13 (8754-F)). Written informed consent was obtained in both experiments.

### Participants and design {#sec004}

We recruited 136 students (84 female, age *M* = 24.0 years, *SD* = 3.5) through bulletins and flyers. Each participant received 5 EUR (approx. US\$7) as compensation for participating and another 5 EUR as a bonus for completing all experiments. Based on outlier analyses, one participant was excluded due to performance issues in the first task (*z* \> 3), six participants due to at least 33% errors in the first task, and one participant due to technical problems. The inclusion of the outliers did not substantially change the results, in that none of the significant results became insignificant and none of the insignificant results were significant without the exclusion of the outliers. Furthermore, a z-test (difference between a coefficient from a model with all participants and a model excluding outliers divided by the square root of the sum of the squared standard errors) did not reveal any significant deviations, *\|z\|* \< 0.22, *p*s \> .831. The outlier analyses resulted in a final sample size of 128 students (80 female, age *M* = 23.8 years, *SD* = 3.4). In a between-subject design (ego depletion), participants were randomly assigned to the depletion (*n* = 63) or the control condition (*n* = 65). We aimed for 128 participants to achieve a power of .80 for a t-test for the difference between two independent measures with a medium effect size (*d* = 0.50) and an *α* = .05 and a power of .80 for a within-between interaction in a mixed ANOVA with a small effect size (*d* = 0.25) and an *α* = .05.

### Procedure {#sec005}

This study was the third of three combined experiments, which were approved by the local ethics committee. The other two experiments were realized one and two weeks before the third experiment and participants were finally debriefed after this experiment. Participants were told not to eat anything for four hours until the experiment started. Prior to the experimental procedure, participants signed an informed consent form and indicated their baseline affect. Then, they completed the first task, which included our ego depletion manipulation. Afterwards, they rated its difficulty and completed the affect questionnaire again. The investigators explained the second task as a product test of cookies and asked the participant how many cookies he or she would like to eat. The investigator made a note of the desired amount, put twice as many cookies on a platter and said that he or she had brought twice as many cookies in case the participant wanted to eat more. Finally, participants had the opportunity to taste the cookies for four minutes and rated the cookies quality and their affect subsequently.

### Ego depletion manipulation {#sec006}

To manipulate ego depletion, participants in the depletion condition performed the Multi-Source Interference Task (MSIT; \[[@pone.0157009.ref015]\]), which was developed to maximally stress the conflict-monitoring system (\[[@pone.0157009.ref016]\]). It was previously used in ego depletion research \[[@pone.0157009.ref017];[@pone.0157009.ref018]\]. In the MSIT, participants respond to the character that differs from the other two characters (e.g., "1" in trial "*221*"). The MSIT consists of control (e.g., *xx3*) and interference trials (e.g., *221*, see Bush et al., 2003, for more information). Since, in control trials, the distractors are always the letters x and the place of the target always corresponds to the key participants have to press, there is no response conflict and, thus, control trials do not require self-control. Interference trials comprise several sources of interference, in that the distractors are also numbers and the place of the target does not correspond to the key participants have to press (e.g., *221*). Hence, since only interference trials require self-control, the difference between mean latency on interference trials and control trials serves as a measure of self-control performance.

Participants in the control condition also performed a MSIT but with control trials only. Since responses to control trials are usually faster than to interference trials, the duration of the MSIT in the experimental condition (*M* = 285.5 s, *SD* = 9.4) was longer than in the control condition (*M* = 248.7 s, *SD* = 7.0), *t*(117) = 24.39, *p* \< .001, *d* = 4.48. However, including duration in the analyses presented below did not change the results.

In each MSIT trial, a white fixation cross appeared on a black background for 500 ms, followed by the stimulus for a maximum of 2000 ms. The participants responded by pressing predefined keys on a response pad (Cedrus RB730; Cedrus Corporation, San Pedro, CA, USA). Trials hitting the response deadline as well as error trials were excluded from subsequent statistical analyses. The whole experiment consisted of 180 trials, with 36 control and 144 interference trials, presented in the same predetermined random order because we were primarily interested in individual differences.

### Measures {#sec007}

For the cookie task, participants received twice as many cookies as they wanted and tasted them for four minutes. Afterwards, they rated the cookies' quality with three items (taste, consistency, and appearance) on a scale from 1 ("very good") to 6 ("not good at all"). Reliability was acceptable to good, Cronbach's α = .79. Participants also indicated how often and how willingly they eat cookies in general on a scale ranging from 1 ("not at all") to 7 ("very"). Reliability was good, with a Spearman-Brown reliability estimate *r* = .74 \[[@pone.0157009.ref019]\]. Finally, participants responded if they had paid attention not to eat too many cookies and if they had eaten more than they wanted. Our measures of self-control were the amount of cookies eaten by the participants and the deviation of this amount from the amount participants wanted to eat.

To control for group differences in regard to perceived difficulty of the first task, participants rated the three items "difficult", "frustrating", and "exhaustive" with a 1 ("not at all") to 5 ("extremely") scale. Reliability was marginally acceptable, with a Cronbach's α of .59.

### Data analysis {#sec008}

A mixed 2 x 2 ANOVA was conducted with the ego depletion manipulation as between-subject factor and cookies desired vs. cookies eaten as within-subject factor. The interaction between both factors indicates whether our experimental manipulation exhibits any effect on our three interesting variables: cookies eaten, cookies desired and the deviation. If the interaction was significant, simple main effects analysis \[[@pone.0157009.ref020]\] was performed in order to clarify the effect of the experimental manipulation on those measures.

Results {#sec009}
-------

### Preliminary analyses {#sec010}

In order to check whether our manipulation of the first task worked as intended, an independent samples t-test with the depletion measure as the outcome revealed as expected that participants in the depletion condition (*M* = 2.09, *SD* = 0.71) perceived the first task as significantly more difficult than participants in the control condition (*M* = 1.68, *SD* = 0.57), *t*(126) = 3.66, *p* \< .001, *d* = 0.65. Moreover, participants in the depletion and control condition did not differ in regard to how they rated the quality of the cookies, *t*(125) = -0.38, *p* = .702, *d* = 0.07, nor how much they enjoy eating cookies in general, *t*(125) = -0.95, *p* = .342, *d* = 0.17. Taken together, these results indicate that our ego depletion manipulation worked as intended and that there were no group differences regarding cookie quality and general preference.

### Ego depletion and cookies desired {#sec011}

We computed a 2 (between-subject: ego depletion) x 2 (within-subject: goal deviation: cookies desired vs. cookies eaten) mixed ANOVA. The interaction between ego depletion and deviation from the goal was significant, *F*(1, 126) = 5.52, *p* = .019, η~p~^2^ = .04. This indicates that participants in the depletion and control condition differed in regard to the amount of cookies they wanted to eat and they actually ate and, thus, simple main effects analysis was performed in order to interpret these differences ([Fig 1](#pone.0157009.g001){ref-type="fig"}).

![Mean number of cookies desired and eaten as a function of experimental condition (depletion vs. control condition).\
Error bars represent standard errors.](pone.0157009.g001){#pone.0157009.g001}

First, an independent samples t-test on the number of cookies desired showed that participants in the depletion condition wanted to eat significantly fewer cookies (*M* = 9.33, *SD* = 7.46) than participants in the control condition (*M* = 12.92, *SD* = 12.29), *t*(126) = -1.99, *p* = .049, *d* = -0.35. Thus, the motivation to control one's eating behaviour was not reduced but increased after initial depletion.

### Ego depletion and cookies eaten {#sec012}

Furthermore, an independent samples t-test on the number of cookies eaten revealed that participants in the depletion condition (*M* = 11.78, *SD* = 9.71) did not eat more cookies than participants in the control condition (*M* = 13.02, *SD* = 9.77), *t*(126) = 0.72, *p* = .474, *d* = 0.13, indicating no evidence for the typical ego depletion effect.

### Ego depletion and goal deviation {#sec013}

However, a paired t-test showed on the number of cookies eaten and desired indicated that only participants in the control condition ate the desired amount of cookies, *t*(64) = -0.11, *p* = .911, *d* = -0.02 with dependency-corrected effect size \[[@pone.0157009.ref021]\], whereas participants in the depletion condition ate significantly more cookies than they wanted, *t*(62) = 4.41, *p* = .001, *d* = 0.67. Importantly, these results did not substantially change when the analyses were controlled for gender and for how often and how willingly the participants eat cookies in general. However, when gender was entered as a factor that could interact with ego depletion and goal deviation, the three-way interaction was significant, *F*(1, 122) = 5.25, *p* = .022, η~p~^2^ = .04. Post-hoc analyses revealed that the two-way interaction was only significant for men, *F*(1, 44) = 5.22, *p* = .022, η~p~^2^ = .11, but not women, *F*(1, 76) = 0.70, *p* = .402, η~p~^2^ = .01.

To summarize, although participants in the depletion condition did not eat more cookies than controls, only participants in the depletion but not in the control condition ate more than they wanted. Moreover, the motivation to control one's eating behaviour was not reduced after initial depletion, as expected by motivational accounts of ego depletion. By contrast, it was notably increased, in that participants in the experimental condition wanted to eat fewer (not more) cookies than controls. Thus, other than assumed by Inzlicht and Schmeichel \[[@pone.0157009.ref007]\], participants in the depletion condition set themselves a stricter instead of a more lenient standard than participants in the control condition, indicating stronger intentions to self-control. Next, we conducted Experiment 2 in order to investigate the influence of motivation on self-control performance in more detail.

Experiment 2 {#sec014}
============

The aim of Experiment 2 was threefold. First, since the results of Experiment 1 were quite surprising, in that we found neither evidence for the strength model of self-control or the assumptions made by Inzlicht and Schmeichel \[[@pone.0157009.ref007]\] but found that goal strength is higher not lower in the experimental compared to the control condition, we deemed it necessary to conduct a conceptual replication in order to (a) provide further evidence for this effect and (b) generalize the findings of Experiment 1 using an experimental design suitable for many typical self-control tasks, increasing external validity. Since these tasks usually are more artificial than tasks and actions occurring in daily life, such as eating, people may not know how they can or would like to perform in them. Thus, we split the second task in the dual-task procedure in two parts and asked the participants in between how well they want to perform in the second part. Importantly, it might be that splitting the task may induce ego depletion since performing the first task may drain the self-regulatory resource, leading to worse performance in the second part. However, there is evidence that performing a task twice in rapid succession does not lead to ego depletion \[[@pone.0157009.ref022];[@pone.0157009.ref023]\].

Second, we wanted to separate goal content from motivation, since individuals may set a goal without the necessary motivation to stick to it. We, thus, included a motivation factor, where participants in the motivation condition received an external reward (chance to win a lottery), to investigate whether a mild induction of external motivation could counteract the deviation from the self-set goal.

Third, we sought to assess motivational and attentional shifts in self-control, as proposed by Inzlicht and Schmeichel \[[@pone.0157009.ref007]\], more elaborately. To this end, we developed a modified Stroop task designed to capture attention to neutral and motivational distractors. The standard Stroop task comprises two different types of trials: control trials, where the meaning of the word corresponds to the colour the word is presented in, and interference trials, where the meaning of the word does not depict the color. We extended this by two additional types that add a distracting background, which was either neutral (e.g., a table) or motivational (e.g., money) and, thus, captured attention to neutral or rewarding stimuli. If ego depletion is due to shifts in motivation and attention to reward, as proposed by Inzlicht and Schmeichel \[[@pone.0157009.ref007]\], participants with initial depletion should pay more attention to motivational distractors, leading to increased latency and, thus, larger Stroop effects.

Method {#sec015}
------

### Participants and design {#sec016}

We recruited 100 students (87 female, age *M* = 22.8 years, *SD* = 6.2) through a bulletin. Participants received partial course credit as compensation for participating. Outlier analyses did not reveal substantial outliers. Experiment 2 followed a 2 (ego depletion) x 2 (motivation) between-subject experimental design. We aimed for approximately 100 participants to achieve a power of .80 for an ANOVA with a comparable effect size typically found in ego depletion research of *d* = 0.62 \[[@pone.0157009.ref003]\] and an α = .05.

### Procedure {#sec017}

After signing an informed consent form, participants indicated their baseline affect and completed the first task where all participants copied a text by hand but participants in the depletion condition had to substitute each letter e with the number 3, which constituted our ego depletion manipulation. This task resembles a computerized version of the crossing-out-letter task, which demonstrated the largest effect sizes in prior research on ego depletion \[[@pone.0157009.ref003]\]. In both tasks, participants need to cross out or replace a letter according to certain rules. Since substituting is slower, the text in the control condition was extended to achieve a comparable duration of the first task, which was nearly the case, *t*(98) = 1.72, *p* = .088, *d* = 0.35. Afterwards, participants rated the difficulty of the first task and completed the affect questionnaire again. Then, participants performed the first part of the Stroop task which was followed by the question how well the participants wanted to perform in the second part of the Stroop task. Participants in the external motivation condition were additionally informed that they would take part in a lottery for a \$70 voucher if they complete the second part of the Stroop task as good as the first part. Finally, participants rated their affect again.

### Measures {#sec018}

Stroop stimuli were shown in a green or red font on a black background. Each trial began with a white fixation cross for 800 ms, followed by the stimulus for a maximum of 2000 ms. The participants responded by pressing predefined keys on the keyboard (g for green words and h for red words). All error trials including trials hitting the response deadline were excluded from subsequent statistical analyses. The first and second part of the Stroop task consisted of 70 trials each; with 18 control trials, 18 interference trials, 17 neutral distraction interference trials, and 17 motivational distraction interference trials in a predetermined random order since we were primarily interested in individual differences.

Goal strength for performing well in the second part of the Stroop task was assessed by the single item "How well would you like to perform in the second part of task compared to the first part?" on a 7-point scale ranging from -3 ("worse") to 3 ("better"). On average, participants wanted to perform better than in the first part (*M* = 1.14, *SD* = 1.13), with three participants indicating a negative goal strength and 71 participants a positive goal strength.

To achieve a better check for our depletion manipulation, we kept the item "exhaustive" and replaced the items "difficult" and "frustrating" with "taxing", assessed on a 1 ("not at all") to 7 ("extremely") scale. Reliability of the average score was good, with a Spearman-Brown reliability estimate of .79 for the first task and .81 for the second \[[@pone.0157009.ref019]\].

Results {#sec019}
-------

### Preliminary analyses {#sec020}

Participants in the depletion condition perceived the first task as more exhaustive and taxing (*M* = 4.12, *SD* = 1.08) than participants in the control condition (*M* = 3.31, *SD* = 1.43), as evidenced by a significant independent samples t-test on the depletion manipulation check, *t*(98) = 3.18, *p* = .002, *d* = 0.64. For the second task, this effect did not reach significance, *t*(98) = 1.56, *p* = .121, *d* = 0.32. This indicates that our ego depletion manipulation worked as intended.

### Ego depletion and goal strength {#sec021}

As in Experiment 1, we first investigated whether our ego depletion manipulation exhibited any effects on Stroop performance, goal strength and the goal deviation. Afterwards, we report the effects of the motivation manipulation on those outcomes.

First, we investigated whether participants differed in the goal they set themselves regarding how well they wanted to perform in the second part of the Stroop task. To this end, we computed a 2 (ego depletion) x 2 (motivation) ANOVA on goal strength, which yielded a significant main effect of ego depletion, *F*(1, 96) = 4.84, *p* = .030, η~p~^2^ = .05. Participants in the depletion condition reported significantly stronger goal intentions (*M* = 1.41, *SD* = 0.98) than controls (*M* = 0.92, *SD* = 1.21), which mirrors the results of Experiment 1.

### Ego depletion and Stroop performance {#sec022}

Next, in order to test for ego depletion effects, we conducted a 2 (ego depletion) x 2 (motivation) ANOVA on Stroop performance in the second task. As illustrated in [Table 1](#pone.0157009.t001){ref-type="table"}, which shows the simple main effect using an independent samples t-test of the ego depletion factor on three self-control measures of the Stroop task, participants in the depletion condition did not significantly differ in any of the performance measures in both parts the Stroop task compared to controls. As in Experiment 1, we did not found evidence for the typical ego depletion effect, reflected in a difference between experimental and control group.

10.1371/journal.pone.0157009.t001

###### Means and standard deviations of the central variables as a function of ego depletion condition.

![](pone.0157009.t001){#pone.0157009.t001g}

                               Experimental Condition   Control Condition                                   
  ---------------------------- ------------------------ ------------------- -------- ------- ------- ------ -------
  Stroop effect, part 1        18.41                    56.79               11.82    46.59   0.64    .526   0.13
  Stroop effect, part 2        34.39                    31.64               28.80    35.13   0.84    .406   0.17
  Incongruent trials, part 1   483.87                   72.67               484.91   94.30   -0.06   .951   -0.01
  Incongruent trials, part 2   453.45                   61.40               442.65   57.66   0.91    .367   0.18
  Errors, part 1               3.98                     3.21                3.75     3.90    0.33    .744   0.07
  Errors, part 2               2.41                     2.01                2.10     2.11    0.75    .454   0.15

*N* = 100. p-values are two-tailed.

### Ego depletion and goal deviation {#sec023}

In order to investigate goal deviation, we conducted a 2 (ego depletion) x 2 (motivation) ANCOVA on the latency of incongruent trials in the second part of the Stroop task and included goal strength (centered) and its interactions as continuous variables and differences in the latency of incongruent trials in the first part as a control variable. We focused on latency of incongruent trials only since the quicker adaptation to congruent trials in the second part of the Stroop task hampers the interpretation of the Stroop effect. As indicated in [Table 2](#pone.0157009.t002){ref-type="table"}, goal strength interacted significantly with ego depletion, *p* = .008. Simple slope analysis \[[@pone.0157009.ref020]\] revealed that participants in the depletion condition responded significantly slower to incongruent trials, *b* = 14.51, *SE* = 6.51, *t*(91) = 2.23, *p* = .028, indicating that they were significantly less able to follow through with their intentions. In contrast, performance of participants in the control condition was not influenced by goal strength, *b* = -8.41, *SE* = 5.29, *t*(91) = -1.59, *p* = .116. Thus, although participants in the depletion condition wanted to perform better than before in the second part of the Stroop task compared to controls, they could not keep up with their more ambitious goal.

10.1371/journal.pone.0157009.t002

###### Analysis of covariance (ANCOVA) between ego depletion condition, manipulation condition and goal strength.

![](pone.0157009.t002){#pone.0157009.t002g}

                                               *F*     *df*   *p*       η~p~^2^
  -------------------------------------------- ------- ------ --------- ---------
  Ego depletion                                1.80    1      .184      .02
  Motivation                                   0.02    1      .894      .00
  Goal strength                                0.46    1      .501      .01
  Ego depletion x motivation                   0.41    1      .523      .01
  Ego depletion x goal strength                7.36    1      .008      .08
  Motivation x goal strength                   7.31    1      .008      .07
  Ego depletion x motivation x goal strength   1.84    1      .178      .02
  Latency incongruent trials, part 1           73.08   1      \< .001   .45

*N* = 100. *p*-values are two-tailed.

### Ego depletion and motivation {#sec024}

As illustrated in [Table 2](#pone.0157009.t002){ref-type="table"}, the motivation condition and the interaction with ego depletion did not exhibit a significant effect on Stroop performance in the 2 x 2 (ego depletion) x 2 (motivation) ANCOVA. However, like the ego depletion condition, the motivation condition significantly interacted with goal strength, in that participants with an external reward could keep up with their more ambitious goals, *b* = -8.63, *SE* = 5.45, *t*(91) = -1.58, *p* = .117, whereas controls could not, *b* = 13.83, *SE* = 6.32, *t*(91) = 2.19, *p* = .031. Although the three-way interaction between ego depletion, motivation, and goal strength was not significant, *F*(1, 91) = 1.84, *p* = .178, η~p~^2^ = .02, simple slope analysis revealed the predicted pattern: When participants had the chance to take part in the lottery, both participants in the depletion and control condition performed better the higher they intentions were, although only the simple slope for participants in the control condition reached significance, *b* = -2.85, *SE* = 8.37, *t*(91) = -0.34, *p* = .734 and *b* = -14.19, *SE* = 6.42, *t*(91) = -2.21, *p* = .030. Without external motivation, performance of participants in the control condition was not significantly influenced by goal strength, *b* = -2.85, *SE* = 8.88, *t*(91) = -0.32, *p* = .749, but participants in the experimental condition showed difficulties keeping up with their intention, *b* = 31.19, *SE* = 9.48, *t*(91) = 3.29, *p* = .001. The same analysis with the number of errors showed a similar pattern: Both ego depletion, *F*(1, 91) = 8.07, *p* = .005, η~p~^2^ = .08, and motivation, *F*(1, 91) = 4.08, *p* = .046, η~p~^2^ = .04, interacted with goal strength significantly. The results did not substantially change when the analyses were controlled for gender. Thus, only participants in the depletion condition demonstrated difficulties in keeping up with their intentions as in Experiment 1, especially without external reward.

### Attentional and motivational processes {#sec025}

Inzlicht and Schmeichel \[[@pone.0157009.ref007]\] hypothesized that decreased performance after initial self-control may be due to increased attention to rewarding stimuli, which interferes with task demands. To investigate those attentional shifts in our modified Stroop task, we computed a multilevel model with latency as the outcome and simultaneously entering depletion and motivation conditions, trial type (congruent vs. incongruent vs. incongruent with neutral distractor vs. incongruent with motivational distractor), and part of the Stroop task as the predictors using the mixed command in Stata 13 (Stata Corporation, College Station, TX, USA). This model revealed a main effect for trial type, *χ*^2^(1, *N* = 13,335) = 150.24, *p* \< .001. Responses to congruent trials were the fastest (*M* = 441.45 ms, *SE* = 6.49), followed by incongruent trials (450.08 ms, *SE* = 6.49), incongruent trials with neutral distractor (*M* = 467.08 ms, *SE* = 6.53), and incongruent trials with motivational distractor (*M* = 478.02 ms, *SE* = 6.53). All Šidák-adjusted group comparisons were significant. Moreover, the part of the Stroop task also was significant, *χ*^2^(1, *N* = 13,335) = 302.48, *p* \< .001, with participants responding faster in general in the second part. Importantly, the part of the Stroop task also interacted with the trial type, *χ*^2^(3, *N* = 13,335) = 26.06, *p* \< .001. Analysis of marginal means (see [Fig 2](#pone.0157009.g002){ref-type="fig"}) indicated that whereas in the first part of the Stroop task, congruent trials, incongruent trials and incongruent trials with neutral distractor did not differ significantly from each other, *t*s(13,203) \< 1.99, *p*s \> .747 (Šidák-adjusted), mean latency on incongruent trials with motivational distractors was significantly higher compared to the other trial types, most importantly incongruent trials with neutral distractors, *t*(13,203) = 4.98, *p* \< .001. In the second part of the Stroop task, this difference disappeared, *t*(13,203) = -0.31, *p* = 1.00. However, none of the experimental conditions influenced this two-way interaction significantly, *χ*^2^s(1, *N* = 13,335) \< 3.63, *p*s \< .304, which demonstrates that not only participants with initial depletion paid more attention to rewarding stimuli.

![Mean latency of Stroop trials as a function of Stroop task part and trial type.\
Error bars represent standard errors.](pone.0157009.g002){#pone.0157009.g002}

General Discussion {#sec026}
==================

We investigated the roles of motivation and goal strength in ego depletion in two experiments. We did not find evidence for ego depletion, in that participants with a first requiring self-control in Experiment 1 ate as many cookies and performed equally well in the Stroop task in Experiment 2 than participants with a first task that did not require self-control. However, participants in the depletion condition in Experiment 1 and 2 reported stronger intentions to control themselves than controls. Importantly, participants in the depletion condition in Experiment 1 could not keep up with their goal and ate more than they wanted, whereas participants in the control condition did not deviate significantly from their self-set goal. This effect was conceptually replicated in Experiment 2, in that only participants in the experimental condition and without an additional external reward performed the worse the stricter their goal was.

Thus, we did not find strong support for the process model by Inzlicht and Schmeichel \[[@pone.0157009.ref007]\]. Whereas other research shows that initial depletion increases approach motivations \[[@pone.0157009.ref024]\], participants in the depletion condition did not want to eat more, but significantly less cookies ([Experiment 1](#sec002){ref-type="sec"}) and wanted to perform better than controls ([Experiment 2](#sec014){ref-type="sec"}). In contrast to Schmeichel and colleagues \[[@pone.0157009.ref024]\], asking people how much they would like to eat taps into both, approach motivation and avoidance motivation (controlling an unwanted behaviour), which could partially explain the different results. However, in Experiment 2, we also found that both groups demonstrated an increased approach motivation at the beginning of the second task, which diminished over the course of the task. Hence, attention to motivational stimuli may not be a proxy for goal strength and the notion of a specific increase after initial depletion could not be confirmed.

Our results are in line with predictions made by the counteractive self-control theory \[[@pone.0157009.ref025]\]. According to this theory, temptations do not always lure people into failure but may also increase the strength of the goal to control one's own behaviour in this situation. Thus, initial depletion may have triggered self-control goals that are still activated before and during the second task, resulting in stronger intentions to control the behaviour. In turn, the activated self-control goal led to exerting greater control in the second task, which may have counteracted the typical ego depletion effect. However, participants in the depletion condition were less able to follow through with their more ambitious intentions when faced with increased temptation. Thus, it remains unclear whether ego depletion may involve some sort of self-control failure or whether participants in the depletion condition may set themselves higher standards that are a bit too optimistic. To separate these two explanations, future research should combine research in ego depletion with counteractive self-control theory: For instance, goals could be assessed *before* both tasks in order to examine whether performance in the second task deviates from the baseline goal strength after an initial self-control task, suggesting some sort of ego depletion effect, or whether their goal striving is too optimistic, indicated by a performance in the second task that is in line with the baseline goal but not with an increased goal strength after the first task.

A potential limitation of our study was that we did not find ego depletion effects in both experiments. The absence of a significant ego depletion effect may indicate that our experimental manipulation failed, which could hamper the interpretability of our analyses. However, we not only found similar effect sizes in both experiments compared to Carter and colleagues \[[@pone.0157009.ref011]\] but we could also show that there are other processes and performance limitation in the dual-task design except for a group difference in the second task. That is, participants in the depletion condition set themselves stricter goals than participants in the control condition, which is not in line with the assumption that initial acts of self-control lead to decreased motivation to control oneself. This effect remained of similar size when participants' habitual preference for cookies was controlled for in Experiment 1. Moreover, we could find evidence for the predicted shifts in attention towards reward stimuli in Experiment 2; these shifts, however, were independent from our ego depletion manipulation: Even participants in the control condition showed larger Stroop latencies in trials with motivational distractor compared to neutral ones. Finally, our effect sizes in Experiment 1 (*d* = -0.08) and 2 (around *d* = 0.20) are close to the bias-corrected pooled effect size of *d* = 0.25 and *d* = -0.10 reported by Carter and McCollough \[[@pone.0157009.ref009];[@pone.0157009.ref010]\]. Thus, our research indicates that assessing the deviation from self-set goals presents an interesting alternative way of assessing self-control failure.

Furthermore, we chose a cookie tasting task in Experiment 1 since consuming sugary food is often tempting and controlled by individuals and individuals can easily report how much they want to eat of it. Although the participants reported that they had paid attention not to eat too many cookies, future research could limit the sample to individuals that restrict their eating behaviour or could use a task where individuals are asked to eat radishes while avoiding cookies in order to increase the self-control conflict.

Another limitation refers to our manipulation check of ego depletion. In the first experiment, we assessed task difficulty, although commonly used in ego depletion research \[[@pone.0157009.ref003]\], instead of depletion, which we changed in the second experiment to items that better reflect depletion. However, given the importance of assessing initial depletion, developing a scale that can validly differentiate between difficult and depleting tasks would be of utmost importance to advance self-control research.

Although we did not find the typical ego depletion effects, our results suggest that initial acts of self-control involve deviation from a self-set goal. Whether this deviation can be seen as a self-control failure is still unclear. Clearly, more research is needed that compares the assumptions of the resource and motivational approaches, but we believe that assessing ego depletion as a deviation from a self-set goal is a promising method in this endeavour.
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###### Data collected for Experiment 1.
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Click here for additional data file.

###### Data collected for Experiment 2.
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Click here for additional data file.
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